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GV _RALL L% AP:ROMCH TGO THz SZLICTION OF
PROPULSION SYST:MS FOR AIRCRAFT

ABSTRACT

\

\

The generalized approach considers the powe:plant in terms of the
perforamance and application requirements of the aircraft. A powerplant
choice for a given co:bination of these requirerents represents a compro-

nd se between powerplant weight, frontal area, &:d fuel consumptionm,

Parameters relating to the performance an< application requirements
of alrcraft are used in siaplified endurance equations, which encoapass a
broad range of applications, in combination with powerolant characterisiics.
Ry use of electronic calculating equimment, systematic evaluation of each
powerplant type and variation within type is establiched for each selescted
combination of aircraft perfomance and application requirerents, The power-
plant is selected on the basis of maxdmim endurance which, under thc methed
used, 18 equivalent to minimum total weight of powerplant plus fuel welght.

The powerplant spectrum is represented by seven powerplant types;
Rocket, Ram Jet, Afterburning Turbojet, Turbojst, Ducted Fan, Turboprop with
varylng power division between nropcller and jJet, anc Reclprocating. Effects
of compressor pressure ratio and turbine inlet temperature on the character-

istics of the gas turbine family are considered,
\
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LIST OF SYMEOLS

area, powerplant maximum frontsl, isguare feet
W

S
F =D
nop

net propelling specific fuel consumption
drag, pounds

evaluation parameter

net propelling thrust, Fn - Dp’ pounds
net powerplant thrust, pounds

altitude

ratio of weight of tanks and plurbing to fuel weight
1ift, pounds

Yach numbsr

revolutions per minute

L

. o
maneuvering serodynamic load factor v
()

pressure ratio, compressor
compressor inlet total pressure, #/ftz

compressor outlet total pressure, #/ftz

reserve fuel, percent of total
shaft horsepower

specific fuel consumption
portion of flight time, hours
total flight time, hours

velocity, miles rer hour
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W, - air flow rate, lbs/secand
wp - powerplant system weilgnt, pounds I
wr - fuel weight, pounds
g - parameter
d - ratio of ambient to sea level standard pressures
n - efficiency
° - rat.o of ambient to =ea level standard Rankin temperatures
A - ratio of cruise time to total flieht time
" - ratio of propulsion system to initial rross weights

Subscripts

8 - &augnentor

f - fuel

& - climb '
n - net

P - powarplant
r - cruise

t - total

o - maximum speed
1 - initial
2 - compressor inlet

3 - compressor outlet




The pensralized arproach as presented here is intended to oxanins ths
alrcraft operational and design requirenents affecting the selection of a
powerplant and to determine the regions in which some of the requirenents
are important and require careful consider:tion and the regions in which
sone are insensitive and may be ignored. The absoluto level of powerplant
comparisons presented should be studied with the thought that the powerplant
information used here is mocessarily from unclassified sources and that
airframe design and opsration possibilities are still required to provide
values for the airframe paraneters described herein,

The primary purpose of any aircraft powerplant is to achieve a propelling
force on the ai'frams connected to it. It would be nmost desirable to achieve
this propelling ferce with no expenditure of fugl, a weightless engins, with
no volume &and zerv frontal area. We cannot realize these conditions wo wo
rmust accept penalties of powerplant weight, size and fuel consumption as
necessary to achieve a propelling thrust. However, with the large variation
of powerplant types that exist today and the numerous variations within each
type, we do have a choico of selecting a powerplant that will ninimize the
magnttude of these penaltics for any choson aircraft application.

As a genaral rule the selection of most aircraft powerplants can be
considered as represonting a compronise betwecn fuel consumption, weight and
size or frontal area. The woight and fuel consunption unfortunatoly are
generally contradictory in nature. Engineering mothods of accomplishing a
decrease in one usually lsad to an inecrease in the other., This is
particularly true of the gas turbine type of powerplant, A look at the

propulsion spectrum with lipghtweight, high fucl oconsumption rocket
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powerrlants at one extreme and heavy, very low fuel consumption nuclear
powerplants at the other shows the contradictory nature of fuel consumption
and weight,

Any powerplant selectior method must arrive at a suitatle compromise of
the powerplant's characteristics of thrust, fuel co-=sumption, weirht and size
or fror.tal area. The basis for establishing this compromise is primarily
depende:t upon performance ard desirn reauiremernts of the aircraft. Once
ttese requirements have been established ther. various powerrlants can be
studied ir con‘unctio-. with these rezuiremwe ts a~d evaluated. The cholice of
proper rowertlant evaluation factors is a difficult o-e; they may bte factors
which deal the desirn possibilities of the entire powerplart spectrum or the
choice may be based o1 such factors as nowerplant availability, cost or
mair.tenance,

“/e will assumec here thal the choice2 of powerplant evaluation factors is
derendent upo-. the desirm rossibilities of the propulsion spectrum.

In a generalized approach to the selectior of the powerplant we should
express the oper:tioral arnd desien requiremerts of the aircraft in as nearly
a pe-~eralized fashion as possible. This is done by considerire the aircraft
operation to corsist of three regimes as follows:

1. Climbing flight.
2. Cruising flieht at cri.ising sltitude,
3. Mareuvering hirt speed flirht at cruising altitude at

maximum power,

The criteria for powerplant selection shall be maximum endurance
corsidering all flicht repimes over w~hich the powervplant must operate. Under

the methods developed this is equivalent to selecting a powerplant on the




basis of minimu~ propulsion weight (powerplant plus fuel plus associated
tankage and plumbing).

The powerplant characteristics most affectins ‘he verformance of the
ajrcraft and therefore of primary importance ir the problem of engine

selection arz defined as follows:

“p 1b

<:> Fn specific engine weight 1t
M 1b/h
<§> = specific fuel consumytion =
Fn 1b

2

A Cps ft

——— ol 1 ———

<:> Fn specific frortal area 15

In general the emphasis to be attached to the individual engine
characteristics varies vith airframe design. For instance, (:) is of
maior importarnce for applicatiors of short duration, <:> for anpli:ations
of lorg duratior. and (:) for hirh speed applications.

The relative weight to be assirr.ed to each engine characteristic in
determining the best propulsive svstem for a piven application is determined
by the use of an evaluation equation which leads to the choice of propulsion
svstem yieldinr maximum endurance when the ai+frame desi~n parameters are
specified, Py systematic variation of these airfrawe design parameters many
applications may bc defined. The optimum propulsion system 1s the one whose
characteristics maximize the evaluation expression to follow for any given
set of airframe parameters,

Fowerplant size or frontal area characteristics are combired with those
of srecific weight and specific fuel consumption by defining the latter

characteristics on the basis of powerrlant thrust minus powervlant drag:
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W A
Net propelling specific weight - Fr—JlTT- - ?2
n P
Qf
Net prorelling specific fuel coisumption = -5 - C
n P

The values of drag penalty associated with each powerplant are
calculated with the aid of Figure 39, Aprendix 1. The powerplants are
considered as nacelle installations in all cases except for rocket tvpes.
This assumption entails little loss in renerality and preatly simplifies the
problem of consideration of rowerolant size or frontal area effects upon
rowerplant selection. Internally ho:sed powerrlants recuire individual
consideration of co-arrarcere-t with fuel, payload, ducting, crev nuarters
and allied gear and such housing is difficult of generalization in assessing
size or drac penalty. iocket installations are assumed internally housed
and charged with no drag penalty.

Assuming for the moet general case a canposite propulsion system
consisting of one type employed for cruisiny and another type for thrust

augme~tation during periods of maximum rower, the fuei weigh® is given ty

W, - (W e
. \ Po pa}

EPE o (1)
where

wf = fuel weight, pounds

u = ratio of propulsion system weicht (fuel, tanks,

plumbing arnd powerplant) to iritial rross weight,

dimensionless
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il = 1initial rross weight (take-off), pounds

Kp = weipht of prumary (cruise) powerplart, pounds
)

Hp = weirht of aurmenting powerplant; pounds
a

K = ratio of ta—ks and plumbineg weight to fuel

weipht, dimensionless

The fuel available for flirht is considerea as the total fuel load

minus the fuel hreld in reserve and is arproximated by the following ecuation:

c
W= Ln o .
(1-R) ¥, v, hy #y ¢t , (COF +C F) et C F (2)
where
R = percent fuel held in reserve
. , 1bs/hr
C average specific fuel consurption, Tbs thrust minus Arag
Vl = climbirnpg speed, miles per hour
ho = altitude rained during climb, miles
Hl « {nitial &ross weight, pounds

e < time, hours

F = thrust minus racelle drag, pounds

N

subscript = climb
0 = prinory rowerplant at maximum power

r = cruise condition of primary powernlant

a = augre-~tor powerylant

rouation 2 assumes thrat cruise flieht terins at altitude irsta-tly upon

take-of{ :ith a sacrifice of fuel to actieve altitude. The real climb is




replaced by an imarinary vertical a-d irstartareous climb plus a reriod of
cr.ise which aroroxim-tes the time, Jdistance and fuel used in the actual
case i, *hich btest climt sreed is e-yrloyed. Firure 1 {llustrates this
concert of fuel used a-.d distarce flowm duri. » the clind rortion of flirht.
Tre time a.q dista~ce covered duri-~ an actual clivt is credited to the

crulse rortion of fligtt ir this arproximatio-.

A S E

po o
clLry —
AN

J/AAG A ARV
.

O
!
I

Substitution of Tr as cefined in _quatio:. 1 i-to znquation 2 yields:

1-R po Pa E£ h . t'o (Co Fo ¢ Ca Fa) * tr Cr_ig (3)
1er. | ¥ 7 2] V. o )
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()
b Multiplying Zouztion 3 by
-3
: _ B
3 F_+F
) a
1 and observing that
E S AN
F +F v D/’ n
o a o) ()
where

Vo ® Rross weight at full power condition,

/L . . .

\5 = airframe (without nacelles) lift-drag ratio

o
at full power condition, and

7 L
; n = =2 < steauy ma~euverirg aerodynamic load factor at
3 "o
: Taximur speed,

Zauation 3 may be rearranged as follows:

AT o e

[N A

(&)
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turtrer rearranrement of :-quation 4 shows

| , A W W
p (L)Yl Pon 0 Ry P P Fa
Lo n\Dono v, v \D/ IHJ F FoTFF
1R 3 (5)
r 8 L5
o <Co s F ) S r F
o
If this equation is multiplied by total time -~-ent in flight and the
ratio of crulse to total time be denoted by A,
Y W
(L) A S el (L R) % Rk
Lo n \DL 4 V,4 \D/n _J Fo Foo o F
=T = = 2 (6)
1-R F Fa
AC T ’(l-)\) <C0‘Ca-};—>
o o

Introduction of corrected cuantities for the powerplant characteristics
allows for altitude effects on propulsion system selection where d and @

are the standard ambient pressure and temperature corrections respectively.

oy . v
p(k :l §d - E£ El L ES 1+ - 1 fﬁ - 52 d - _EQ S EE
1e¥ n\D A Wo o V \o L N 1-R o Fo Fo o Fa o Fo
1-R £/ - C 3 C C F (7)
X .—E r.—I-: Y (l_X) .—g s -_5 F?. ,
/6 o Ve VB o

The term i:; 5-/5 T we shall term the evaluation parameter Ep.

Airframe desien and performance factors entering the powerpla:t evaluation
expression are:
" , propulsion weight to pross weight ratio

n , high speed mancuvering load factor




> , high speed lift-drag ratio
(o

N TN
oir

%:l , crulsing lift-drag ratio
h , deusign operating altitude
K , ratio of tarks a~d plumbing to fuel weight
R , Dercent reserve fuel requirement
A , ratio of cruise time to total flicht time
Mr , crulise Mach number
HO , maximum flight Yach number
wl
v , weight ratio, take-off to high speed condition
o

The engine characteristics enterinr the evaluation expression are net
propelline specific weight at the high speed condition and the values of
specific fuel consumption at cruise and at high speed condition. These are
mainly functions of ergine type.

Mathematically, the expression used to evaluate powerplants would be
exact only if thrust and specific fuel consumption remai~ed fixed during each
serarate portion of flirht (climb, cruise and maximum speed). Since, for
fiight at constarnt L/D, the thrust must continuously decrease, it is arparent
that the adopted expression is an approximation. FEowever, the same prowerplant
characteristics which maximize the aprroximate expression to all practical
purposes also maximize the rore complicated lorarithmic endurance eouation,
This was established by trial and is rot subject to mathematical proof.

Since in a practi al sense the same results would be indicated by either
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methoa, the more simple :quation 7 was adorted, for the saving in effort in
handli- ¢ the number of computations involved is considerable,

For the larre nurber a~d ranses of variables it was desired to
investirate, approximately 26,000 separate calculations were necessary.
~lectronic caleulating machines were utilized to make the work feasible.

For punched card method of calcuilat'on on IEM machines, Equation 7 has

the form

W Hp
o a
By (1 32) - g::‘ J; - ?:- So B,
t'p - C C C o (8)
X—r"' B. ¢+ (1=x) 2, 2 B

/o /e Ve 2

‘“here Ep is the evaluation parameter, £ and X are parameters whose
ranpes of values are selected to cover a wide range of applications of

rropulsion systems to aircraft. £, reflects fuel carrying ability, 82

1

fixes augme-tation ratio and 8 the thrust ratio of primary engine

3

between cruise and full power conditions. Together B8 and B reflect the

2 3
range of thrust over which the propulsion system is called upon to operate
during flipght and A reflects the duration of maximum thrust.

(a) B, derends upon aerodynamic and structural capabilities qf
the airframe as well as performance requirements., It is a function primarily
of altitude, flirht speed, aerodynamic ma: euvering load factor and total

rropulsion weirht to rross weight. This parameter may have values between

1.0 and 10,0 at sea level and between 0.10 and 2.5 at 35,000 feet, This

"fuel carrying ability" parameter, which strongly ir.fluences propulsion

system choice, is seen to decrease with increasinr altitude, with increasing
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flight speed, with increasing maneuvering load factor and with increasing
ratio of gross weight a* maximum speed to rross weight at take-off.

Closer examination of the parameter B8 i{s justified since it

1
will be shown that it is one of tne major factors in the selection of

propulsion systems and is an important link betweern the airframe and powerplant

variables. (It is always ejuivalent to the weight of powsrplants plus fuel

plus fuel installation weirht remaining after climb, divided by corracted

thrust required by the airframe minus nacelles at the des!{gn maximum speed.)
It will be important to keep this in mind when interpretine the rather large
effect of this parameter upon the relative merits of powerplants.

(b) B2 varies between O and 2.0. “hen 52 {s zero, sirele
propulsion systems result. This is the case in the majority of calculationms.

(c) a} depends upon speed at c-uise and speed at maximum power,
upon the change in L/D with flight speed, upon steady-state ma.euvering
load factor and upon the carabilities of the ¢.rine type under co~sideration.
All values of thrust ratios are covered by co-sidering only maximum power at
maximum speeds. The reciprocal of B3 will be called the thrust ratio.

(d) The following table shows the speeds considered for each

engine typs:

tngine Type Sea Level Mach Numbers Altitude Vach ‘lumbers
Reciprocating .25 .75 .25 .50 .75
Turboprop .25 .50 .75 1.0 .25 .50 .75 1.0
Intermediate

Turboprop .50 .75 1.0 .50 .75 1.0
Turbojet .50 .75 1.0 .50 .75 1.0
Ducted Fan 75 1.0
Afterburning

Turbojet 5 .75 1.0 1.5 2.0 5 .75 1.0 1.5 2.0
Afterburning Turbojet with Ram Jet Augmentation 1.0 1.5 2.0

Afterburning Turbojet with Rocket Augmentation 1.0 1.5 2.0
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(e) Cruisine flight and high speed flight are performed at the same
altitude,

(f) Cruise speeds are equal Lo or less tha- the maximum speeds in
all cases but never greater than Mach 1.0,

(g) Cruise-to-total-time ratios vary between zero and unity in the

followine steps:
0 .6 .8 .9 .95 1.0

(h) Altitudes considered are sea level ano 35,332 feet,
(1) Tre minimum power output of =any powerplznt considered is
forty percent of maximum,
The simple case of findins the best propulsion system when the entire

flirht is at cruise speed (A - 1.0) and cruise power (FO/Fr = 1.0) for the

si-gle envine type applicaticn (no aurmentation] may be illustrated

graphically.
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A tangent to thke curve of powerplant characteristics from a point on the
abscissa equal to the value of Bl locates the best engine and method of

operation with type "A" since it maximizes the ratio

W
- —P
By~ 759 .
n . fuel load (9)
Nr fuel flow rate
Ve (F_ - D)

The powerplant characteristics chosen for use in the evalu..tion equation
were plottea on curves with net propelling specific fuel consumption as the
ordinate and net propellins specilic weirht as the abscissae,

In casej where the gas turbine powerplant operstes in rore than one
regime of flight it is assumec that the compressor pressure ratio is
constant, that the corrected airflow at the compressor irlet is linear with
corrected r.p.m. and that the actual r.p.m. of the powerrlant is constant,
These conditions plus a krowledge of the cycle conditions enable the
computation of thrust and fuel consumption of the same powerplant at other
regimes of flight to be made.

The turbojets consider compressor rressure ratios from 2 to 12 and a puak
turbine irlet temperature of 1800%F. Minimum turbine inlet temperatures are
as low as 800°F. The speed range considered is from a flight Yach number of
.5 to 1.0 at altitudes of sea level and 35,000 feet. Figures 3, 4L and §
illustrate typical characteristics used while Appendix I lists the methods
and assumptions used to obtain the turbojet characteristics.

The afterburning turbojets also consider compressor pressure ratios from
2 to 18, 1800°F maximum turbine inlet temperature and a maximum afterbumer

temperature of 3200°F. The speed range is from & flight Mach number of .5 to
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2.0 at altitudes of sea level ard 35,000 fecet. Firures 6 and 7 illustrate
tyrical characteristics used while Appendix ] lists the methods and
assunptions used,

The turboprop powerplants consider corprecsor pressure ratios from 6 to
1¢ and a peak turtine inlet te-perature of 1200°F. The division of power
between propeiler and jet s varjed with the maximum portion to the propeller
at the point of minimur specific fuel consumptior at the flirht speed
considered. Firure 40 illustrates the effect of power distribution upon
tre turboprcn characteristics,

The speed range for the turborrop powerrlants is from a flieht Mach
number of .25 to 1.0 at altitudes of sea level and 35,000 feet. Figures 8,

G and 10 illustrate typical characteristics of this type of enrine. The
mettods and assumptions used in corpiline these characteristics and obtaining
the weight of the propeller and reduction pear are presented in Apprendix I.

The characteristics assijned to reciprocating engines are:

W "
a. TP 1.2 at 100 percent power
b, ¥ = 225 102
ft

c. SKC = .75 l%é%f at 100 percent power

.60 at B0 percent power
L5 at 60 percent power
.60 at 4O percent power

d. superchrarged to 35,332 feet,.
These assumpt.ons are simple but thourht reasonable a-d adequate for the
purrose., “ipure 11 illustrates thre characteristics of the recirrocating

powerplant,
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For the rocket powerplant, weight per unit thrust is assumed to bes .03
and specific fuel consumption 18 pounds per hour per pound of thrust. No
drag penalty for the rocket powerplant has been considered,

Ducted fan powerplant characteristics were obtained for overall compressor
ratios of 6, 10 and 1€ with a co~stant turbine i-let temperature of 1600°F.
The ratio of fan flow to turbine flow is 2:1. All ducted fan powerplants are
considered to afterburn the fan air at thre maximum power conditior. Empirical
relations based on dimensional analysis fix tae weirhts of components nnt
common to the turbojet enpine. The speed range covered is from a flight Mach
number of .75 to 1.0 at 35,000 feet altituds.

T..e characteristics of ramjet powerplants were estatlished by cycle
calculation using assumed component efficiencies arnd a combustion chamber
outlet temperature of BSLOOF. Computations were made for five Mach numbers
from 1.0 to 3.0 at t+o altitudes, O and 35,000 feet. Apperdix I lists the
assumptions used in obtaining the ramjet characteristics illustrated in
Fieure 12,

The nacelle drag and frorntal area methods and assumptions of all
powerplants are also presented in Appendix I.

Firures 13 to 38 illustrate the results obtained., Filrures 13 to 20 are
concerned with the optimum choice of pressure ratios of the gas turtine
powerplants, while Figures 21 to 72 are concerned with comparison of the
optimum of each type of powerplant.

For the turbtoprop ergire, Figures 13 and 14 show the major effects on

choice of prazssure ratio for this type powerplant to be 8. and the high

1
flight speed requirement. At values of Bl above .5 at 35,000 feet and
£ at sea level we can say that the high flicht speed requirement is the sole

ma jor effect on cholice of the optimum compressor pressure ratio. As the high
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flight speed requirement is increased, which means Mo progresses from .75
to 1.0, wr see that the optimur compressor ratio drops. This is
understandable since the hict compression ratio turboprops in this region
have a wore rapid increase in fuel consurption ard decrease in thrust than
the lower compression ratios as either flicht speed is increased or turbine
inlet temperature is decreased. This will be more pronounced at sea level
than at bieh altit:.des which accouats for higher optimum pressure ratios at
altitude. It is sizgnificart to note that in the choice of optimum corpression
ratios lor turboprop enpines the value of A, thrust ratio and cruising Mach
number within the lirits considered have no effect,

Firures 15 and 16 for turtolet types at sea level and 35,332 feet show
trkat optimum pressure ratio is dependent on A at hirh thrust ratios and
must decrease ‘ith increasine ratios of criise to total flirrt time. This is
exrlained by the relatively better apecific fuel co-sumption of lower pressure
ratio powerplarts when operated at lov throttle which characteristic is
emphasized by lonrer periods at cruise power. At hiph {lirh*t speed at ses
level the 18:1 turbolet is inferior because of the hir cormoressor outlet
temperature which limits tre amount of fuel that can be burned and ircreases
specific fuel consumption. Turbojlets at altitude show a si‘milar trend to
lower preasure ratios wher required to produce a large thrust ratio and
cruise power is maintained for almost the entire flight,

Firpures 17 and 19 illustrate cloice of Pr for the afterburning
turbolet at sea level. Yirher flirht speeds are shown to demand lower
pressure ratios. For high thrust ratios and low cruising “ach the high
pressure ratio rowerrlant has sliphtly better cruise specific fuel

consumption at the low power cordition. Thecrefore, for hipgh values of A
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and high thrust ratio, a high pressure ratio is superior. At low values of
A, somewhat lower values of pressure ratio may be superior because of lower
specific weight and de-cmphasis on cruise time,.

The choice of optimum Pr for afterbumirg turbojet at altitude is
dictated largely by Bl and Ho as shown by Figure 1°, Increasing flight
speed has the reneral effect of lowerinr pressure ratio as show~ in previous
curves., This is due to improvirc ctaracteristics of the lo‘er pressure
ratio enpines as flirht speed is increased, ‘leitrer X\ nor Fr/Fo have
much effect on the choice of optirur pressure ratio. At f1 ght speeds up to
ard includine Mach = 1.0 the hicrh pressure ratic turbojets have defi-itely
better fuel consumption characteristics both at full and throttled power. It
is i-terestins to note that even at the hirhest flirtt speed the optimum
pressure ratio does not drop ruch below 6:1. This is because lower vressure
ratios have larpger diameter combustion chambers resulting ir ereater flrontal
area and thus the increased drag offsets any potential rain from using a
lower pressure ratio.

Figure 20 illustrates the choice of optimum pressure ratio for the
afterburning ducted fan and reveals it to be only a function of ﬂl. However,
the scope of study of the ducted fan rresented here is too brief to say that
tris is the general rule. A variat.on of 2ir flow ratios of fa- flow to
turbine flow might have led to different conclusions.

Fieures 21, 22, 23, 24 and 25 illustrate the comparison of the turbojet
and turborrop at flight speeds from .75 to 1.0 Mach number and altitudes of
sea level and 35,332 feet, These results show that there is no single
"crossover" point at which one or the other is preferred. Instead the choice
of turboprop or turbojet depends to a great extent upon the apnlication. For

exatple, Firure 23 which is drawn for a cruising and maximum flirht Mach

N\
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number of .75, we from past experience might be i:nclined to favor the turboprop
enegire; however, at low values of El where powerplant specific weight is
important, we fincd the turbojet superior. If we cornsider the case where the
hirh flight speed required is at Vo = 1, as in Figure 22, we can still find
regions where the turboprop is s.perior even when the cruisine flicht is also
at Mach 1. OSimilar trends are -oted at toth sea level and 35,000 feet, High
vaiues of maximum Yach number, thrust ratio, A and low values of Bl all
tend to favor the turbojet powerplant.

Figures 26, 27, 22 and 29 illustrate the comparison between turbojets
and turbojets with afterburners installed. As would be expected the
afterburming turbojets are superior at low values of Bl where powerplant
specific weipht is of major imrortance. The afterbuming turbojet is also
superior when high values of A ard thrust ratio are required. This ie
explained by the fact that at these conditions the afterbumer is turned off
for a ma_or portion of the flirht and thus the afterburning turbojet will
cruise at a.tigher turbine inlet temperature thar the non-afterburming and
therefore will have a lower irstalled weight of powernlant with a fuel
consumption in the cruisirg condition that is nearly compatible with that of
the non-afterburning turbojet “Men hick values of Bl are used vith low
thrust ratios or low A valurs, tre tendency is to favor the nor-afterburning
turbolet. In studyinr these comparison curves the thought sho:1ld be borne in
mind that the hirh flight speed condition utilizes the maximum power output of
the powerplant. If we chose to operate the afterburning turbojet at less

than this value, then at the higr wvalues of B, the superiority of the

1
non-afterburming turbojet would only reflect tlie penalties of the afterburmer

installation o: powerplant =<vecific weight and a slight loss in specific fuvel
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consumptiorn.. Comparisons have only been drawn up to a maximum flieht Mach
number of 1. Above this point the drag peralties effect the non-afterburning
turbojet severely. At a maximum flight Mach number of 1.5 the afterburning
turbojet will be sirerior to the non-afterbuming turbojet in nearly all
regions.

Figures 30 and 31 tllustrate a comparison betwee- the afterburming ducted
fa~ and the afterburning turhojet. The ducted fan is superior at low values
of ﬁl where its low specific weight with the afterburmmer on can be utilized,
Since the ducted fan also has a hirher afterbuming thrust augmentation rati.
than the afterburrine turbojet we can expect that hiph values of thrust ratio
and low values of El to favor the ducted fan as is shown. The decreasing
superiority of the ducted fan at high values of ﬁl can be explained by its
inferior specific weight non-afterburning and also that within the range of
thrust rat;os considered the afterburner may be always lit. It is felt that
the ducted far characteristics may be optimistic ard trerefore atte-tion is
invited to the shape of the curves and -not the absolute levels of comparison,

Figure 32 compares a combined propulsion system (afterburning turbojets
with rocket augmentation) with the afterburning turbolet alone. Only the
largest cruise to total flight time ratio i{s illustrated since smaller
values of A\ are still more to the disadvantage of the compositc system,
Tris comparison is insensitive to thrust ratio ir the regions indicated but
shows the interesting effect of decreasing worth of the rocket auzmentation
with increasing flight speed and increasing fuel carrying ability, 81.

Higher supersonic fliesht speeds decrease the specific welicht of the
afterburming turbojet but have no effect upon the rocket specific weight,

Only at low values of ﬁl i{s the rocket-afterburning turbojet combination
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super.or to the afterburning turbojet alone. This curve is valid at all
altitudes above 35,000 feet at which the turbojet is capable of efficient
operat ion.

Figure 33 makes a similar coamparison using ramiet sugmentation. In this
case the effect of high flisht Mach number is reversed from the rocket case
since the ramjet specific weight i{s decreasing more r.-idly than that of the
afterburning turbojet with increasing flirht speed whrile its specific fuel
consumption shows a decrease against an increase for the afterburning
turbojet. Acgalin, this com-osite system is superior only at low Bl values
(short duratinsn flights) although sensibly independent of A.

Firures 34 to 383 show relative merit of a number of propulsion systems
when the entire fliecht is at the crulse conditio~. Fipures 22 and 23 are for
sea level, Mach .25 to .5C and .75 to 1.0 respectively. At sea level the
reciprocating engine can ratch the turboprop only at lov speed and large Bl
and cannot approach it at all at Mach .5. Also at HMach .5 the turboprop is
clearly superior at every point to the turbojet and the intermediate-turboprop.

At hicher cruise flirsht speeds the advantage of the turboprop disappears
and at Mach 1.0 is superior to the turbojet and intermediate-turboprop only
at values of ﬂl)'l0.0 as shown in Figure 35. However, the turboprop is still
the best type considered at Mach .75 at values of 81 greater than 2.5,

Goinp to altitude in Figpures 36 to 3R it is seen that at low cruice
flirht speed (Mach .25) both turboprop and reciprocating types enjoy regions
of superiority. In ceneral, if Bl is less tha~ 1.0 the turboprop will give
the better performarce and if Bl is greater than 1.0 the reciprocating
engine type will be superior. &txplanation of the peculiar bshavior of the
reciprocating-turboprop comparison curve with respect to B, 1lies in the

1
change in optimum powerplant operating characteristica as Bl changes., At
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altitude the reciprocatine engine is lirhter for the same thrust (due to
spercrarging) than the turboprop when both are operated at 100 percent
power, At minimur specific fuel corsumptio~ cruise, the reciorocatinr engine
specific weirht is much greater thar that of the turboprop. This fact allows
superiority for thre recirrocating e-pgine only at hieh values of Bl ard at
extremely low values of Bl — in the first case due to lower specific fuel
corsumption and in the second cas~ due to lower specific weight when specific
fuel consumption is ot important (shtort time flirhte).

Figure 37 shows the turboprop at altitude, as at sea level, has no
corpetitors at Yach .5 except at very low Bl values whe~ flight i{s entirely
cruise and no maximum speed thrust ratio reouirements exist.

Figure 3R sro''s relative worth of four ras turbine type engines at
altitude at Yach numbers from .75 to 1.0.

At Mach .7% the ducted fan is best at B, values up to .5 above which

1
it yields to turboprops. At Mach 1.0 the ducted fan appears to have wide
application,

The method rresented here affords a means for evaluatine aircraft
powerplants and to provide information as to the significance of various
desirn and operatio al reguirements. As the state of the poverplant desiem
art progresses insertion of new powerplant characteristics i-to the
evaluation equation will provide a more valid level of comparison.

Since the powerplants selected are optimums, it is of some interest to
know the sacrifice i:volved when other thzn optimums are chosen due to
non~availability, cost or similar reasons. A brief study showed thst no

general conclusions could be drawn; that the sensitivity of the powerplant

choice within a type could vary widely. It would trerefore seem necessary
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to consider each individual case. However, the metrod presented here would
still permit a quick deatermination of *th. areas of likely powerplants.

The authors extend their thanks ard a:preciat.on to V¥r. L. B. Rumph,
Head of the Aircraft Desirr. Cection of the Aircraft Division, who has
contributed many of the :Z=-as and methods presented here, and to Messrs.
“. B. GCist, C. .. Sturdevant and ¥. H, Trurlo of the Propulsion froup,
Aircraft Division, who have expended much of their w time and effort on

this papear.
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( ' APPENDIX I

METHODS AND ASOUMF.IUNG, POWENPLANT CHARACTERISTICS

The turbojects ram pressure ratio recovery is given in the following

table,

Mach ?T2/PT0

1,00
N

0
>
75 965
.00 957
50 .933
00 .870

The campressor efficiency is eighty-five percent based on compressor
inlet static pressure and compreesor outlet totsl pressure, the combustion
chamber i8 ninety-five percent eff{icient with & lour percent total pressure
loss, The turbine is ninety percent efficient, the exhaust nozzle is ninety-
five percent, Cycle calculations were made f{or turbine inlet temperatures
from 800°F to 1800°F at a flight Mach number of .5 to 1.0 at an &ltitude of

seu level and 35,332 feet,

The weight of the turbojet per pound of corrected air at the compressor

inlet is
P
W T}
= 7.30 log o + 7.5 (10)
" V12 Pra

For drag calculations the maximum frontal area is assumed to be 1,5
times the frontsl area at the maximum di ameter of the engine, At the com-
pressor inlet the corrected air {low per square foot of frontal area is

28.9 lb/oec while at the combustion chamber maximum diameter the corrected




airflow per square foot of frontal area is §,22 pounds per second, These
assumptions estublish the following table of nacelle frontal srea to com-~

pressor inlet area:

Nacelle Frontal Area P../F (Compressor Pressure Ratio)
T3 T2
Compressor Inlet Area
L.63 2
2,62 L
1,87 6
1,50 10
1,50 12
1,50 18

The assumed variastion of nacelle drag coefficient is shown in Figure 39
for a d/D of .7,

The corrected airflow at the compressor inlet is assumed to vary linearly
with turbojet corrccted rpm, The rpm is assumed constant under all fl1ight
conditions, This results in a variation of cn:rected ulrflow as flight speed
and altitude are changed, OSince the inlet area is a fixed constant for the
powerplant and expressed in terms of corrected airflow, then it is necessary
to [ix the correctea airflow at some operating point of flight spsed and
altitude in order to establish the frontal area, The inlet area for turbojets
was estublished at a [light Mach number of 1 at 35,332 feet,

The afterburning turbojet was based on the same components as the turbo-
Jets; the weight was increased fifteen percent to allow for the afterburnor.
weight, Wwhen the afterburner is 1it the turbine inlet temperature is 1800°F

and tl.e afterbumer top temperature is 3200°F. The afterburner and the

exhaust norzzle are both assumed ninety percent efficient,
The turboprops use the sume gas turbine components as the turbojets,

The inlet ares is based on the corrected flow at 35,332 feet altitude, flight




Mach number of ,75, The weight eq ation minus reduction gear and propeller

is

wher e hL

air and combustion products,

The propellers are all considered to be four bl aded

supersonic und the weight is based on the power requiremerts at M = .75 at

P
7.57 + 7.30 log 52
T2

*.0553 h

is the propeller driving turbine enthalpy drop, BTU psr pound of

35,332 feet ard is computed for this point by the equation

“propell

where SHP = shaft horasepower,

The assured propeller efficiency schedule versus flight Mach number ia

o8 follows:

.r .309 SHP

Mach 1L
0 .85
) .85
.75 82
1,00 75
1.50 7

The reduction gear weigh

W
gear

where
SHP
max

t equacion used

IOOSHPmux
N

= maximum shaft horsepower to be transmitted

“ propeller rm

single rotation

25
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The vulue of N s estimated at the fropelier design point and is

128,000

NoT (sup) L2 (14)

where the OHP term is the same 48 that of equution (12),

The weight of the propeller driving turbine, reduction gear and
projeller are all dependent upon the shuaft horsepower, Therefore, it was
jossible to determinc the effect of power division between propeller and jet
upon the turboprop characteristics as {lliustrated by Figure LO.'

Jt is sssumed that ramjets can be bullt to weligh eighty pounds per square
foot of frontul area when required to operate at sea level at no greater than
Mach 1,0, This value is the minimum use! in setcermining rumjet characteristics.
and {3 scaled upward for higher {light speed requirements in direct proportion
ts the intermal pressure encountered, |

Cycle calculations were made to establish vulues of thrust per pound of
air and fuel flow per pound of thrust, Combustor efficiency is ,90, nozzle
efficiency .95, diftusor efliclency a function of Mach number, Burmer
temperature is 35L0°F, burner velocity 200 feet per second,

Figure 12 illustrates ramjet net propelling churacteristics based upon

drug coefficients according to Figure 39 with d/D = 0.9,

. Intermeciate turboprops roughly tuke nul{ the hest-to-work in the
propelle~ driving turbine of the turboprop and utilize it in the jet nozzle,
This leads to higher specific fuel consumption but a reduction in spectific
weight through a saving in welght of propeller, reduction gear, and turbine,

e S S PPN |




o

S

9.

10,

11,

13.

UOO
15.

16,

17,

REFERENCES

-

Hunsaker, E, L., Brown, £. I., "A Comparison of Turboprop and Turbejet
ingines at Zleovated Temperatures and Pressurec™", Preprint A.S,M.E.,
Semi-Annurl Meoting, San Francleco, 22 June 1949.

Luskin, H,, and Klein, H., "High Spesc Aerodynamnics Problems of Turbojet
Installations", Douglas Report ''o. SH~138/,0, 1 September 1950,

Brewster, J. H,, "The Determination of the Optimun Airplane-Powerplant
Combination", SAZ Preprint #89, December 1947.

Lubarsky, Bernard, "Performance and Load-Renye Characteristice of
Turbojet Engine in Transonic Speed Range", NACA TN 2088, May 1949,

Cleveland Laboratory Staff, "Performance and Ranges of Application of
Various Types of Alrcraft-Propulsion S stems", NACA TN 1349, August 1947,

Sanders, Newell D,, "Performance Parameters for Jet Propulsion Enginesn,
NACA TN 1106, July 1946,

Parisen, Richard B,, Armstrong,Jo'n C. and Yfuntley, Sidney C., "Theoretical
Evaluntion o f the Ducted Fan knsine", TN 17,5, Noveuber 1948,

Heidnmann, .Marcus F., and Novik, David, "Control Considerntions for Optimum
Power Apportionment i{n Turbine Propeller Engines", NACA TR 1762, December
1348,

English, Robert E., and Hauser, Cavour H., "A Method of Cycle Analysis for
Arcraft Gas Turbine Power Plant Driving Propellers”, NACA TN 1947,
January 1948,

Driggs, Ivan H., "Preliminary Performance Analysis of Gas Turbine Power
Plants,” Bureau of Aeronsutics, D. R. Report Ko, 1029,

Dennis, J. R., "Planetary Gear Weipht and Size Study", Westinghouse
Tlectric Corporation. Report A950, 3 March 1950,

Nagey, Tibor F., and Martin, Cecil G., "Calculated Engine Performance
ana Alrplane Range for Variety of Turbine Propeller Engines", NACA
TN 2155, August 1950,

Foa, J. V., "Performance cof Single-Flow Jet Engines", Cornell Aeronautical
Lavoratory, Inc., Project SQUID, 1 May 1950,

njournal of American Rocket Soclety", September 1947 and July 1948,
"Journal of British Rocket Society" =~ 19,7-1951.

Zborowskl, Helout, "Rocket Power Plants Bezeed on Nitric Acid and Thair
Spscific Fropulsive Weights"  ~TM 1144, April 1947.

Sanger, E., and Bredt, I., "A Ramj)et Engine for Fighters", TM 1106,
July 1946,



R

—j
Fei
i

|

=

I

et

|

T Y

4 ] 1
SRR
T

)
fe——oe—ib

|
!

l '
o
!

"{ T
|
=
TURBOJETS

|
I

- — e

]

!

'
<+

P,

B

I
——t —t—1T—
|
—t
1
]
i
o
!
!
|
ORI | S N (U (O
! 1 i
!
1
-+ =1 - -
|
-— '_
—————t— —-—-l———*—-——~

28 —
1
+
]
-
S
f-—.
X—-
{
!
!
< - 1 ']
L ;;L- L '._u,._;;‘_-
R
s 4 : : [
l =
1
i
}
i
!
S
)
‘
1
L}
1
|

|

. i e f = S : AN i

} F«Ll..ﬁ.g_qlflj!ol IL_!,‘.PlllaT.'.rlsll BILIIMII
|
|

‘- dr
i ! | = - b
| Lt ! | | ! ] q ~ I Q! :
B R A st At i S Al A S SR _ = T:I .”l-+t - L e e e e l.vl_Tllllw
: 56 2 ' " SR BRa = m 2 i \ i | e
“ ! * | i | ! " ; . ' w | ! i _ ) |

| =

o .o S PRI SR l.!-,.i...--.Ml.l--4l.l!+t.»l+-ll._ﬂlli i ‘ﬁul-! « b - S SO (S . -|.+Il

MACH # 0.5
T ALT € 38332FT T

| | “ i P
| ] '

t - _ —rs = e e == e | = e
| _ : !
' v Wl .
! + wrww‘ 1
I
-z S “ _ o - Lo Bk S e el — e e mtneas = = ! -
| M | |

! : | i
- _ o - J ' _ _ S * - —

-~ o |lwlT| D oo e |¢.~| 6 cHe———moms 0 o> © © o 4|||.|L

Tt e | O B T =) K o e
. o _ | I . ; L i !

; ' _
—_—t 1 S ! S U () W W S S ! i _J

2

Cirivofe



_ . 1 - — T T = - Y ) i i
s T B 4 | |} AWL_ | m i.w W PR L. .ﬁ ‘d*.“_ _ﬂkqlu :
i ﬂ . - | _ . ¥ _ ' n ” ' -
Ollr’“ ——— —_ +

I.ll!lpll
- .._ - - ¢ p 1 .w.l
) ' ! : $
' | ' T
-t Io..n‘ﬂ'? - : 4 * _ . 7 . i ; _ , ! I _ = 1 ]
| _ | 3] ) ! | )
| - ﬂ H_ T W e e RN et T O] h ;|MiiT
| | i : 1 | i | . . |
[ g _ __ - . — T ; t i h : . _ ! N ol i g
e | SO el I S S B O SR DU T NI URER N R bomp i
e e P T R P b ] T
T T e S S A R DR S R A N T T T ST
2 i ! } ol _ e “ . ! m _ e | = _ e | e o h _.lx_
. ! ' | - o o o |ym S O S S nwvo ] | | . - i SO S . 1. ] | .
ISR 3 S i e (Bl MRt AN IOV O N AR T
. . | : | | | e R —f-- 3 .
! : + wnl i _ : | _ _ 4 | I | ! . mU-.!l_ J
f =< W ga = = el cn o e i et e =l oo e e _qIIJ
_ 3 » 3; ! , | * =l S A . | 3 o flac oo Ao d
h‘.. O H “JJ i “ w | ! _— 2 _ . , \ “ : . _ . .
S B 'S - = = .lltfl!.l?lllfal !I«li..»lhuo To||+|||4 | Iall«l.lvllll'lnn_i e | e i G ||||Ll|Lu ‘
qu x < o | . | _ . | ' | ” _ _ ._; .-w -w
U u . | < ' _ . .. | . ” "
AR = - S L ] RO IR TJ ot
“ IM _ . “ - i " . ‘ n ~ —~ “ e - _
— - = et R ,-,ﬁ.-IT. SR ]
. ! . S ! O . T.. “ - wlo .h_
! ; . ' | ' ! ! } | s H
O S (N S N (S T g e ORI S T S S I _—
- . A S ~ , e  a
Sl e — e 4

} !
S oy
- RN e N R
’ o ]
_ JPUCIEE S (LN U S -
i . | !
—_1 -

BT

; —peem =¥ S
. .Mlt!. .|.ml'.u. R .|||‘_|l;.-' .M ha— lellt
: _ 0.9 ° [
REUE e T
“ _ _r 0 _ _ : _ *




[

-

| -

—
|
|

N
'
S e

_WRSOJE TS .

_ ' ] B
ey o0 1 4

iy w - e _ _m 4

| o o P . o & 2 i : 2
fop g et DS -;sw;-%iy.r:;qlr Lo el b
t _ ! | j o e B b , . | . ! | :
; _ w W d “ _ | 5 ﬂr i . : | B J
. o o : = ﬂ.. A|m. ﬂ .nlwtl.lg.l S :lﬂ.vO g Tlfl.tba.v b~ gt —— — celln o _1 o Ii.lw -
e ; | N i i i L B ; i a

4#4. | D B - 1 S T N P

.
.

-

e
'
]
)&
1
l

|
|
|
_
|
.lty_‘lln.1l.
'
|

‘
e e § e (g l.ll.lo.k'i.w lelIllIl."«nu =i

{1 ! : i ]
_ J ) , |+l 17
..m N ] S | -
: ! M T
e

} I _ | g “ -}

| ' _ | ! |
R e i e S ,mfiqtl«mll..
- F e R
.. ! | m !

u ,
‘ 1 . . 4
' | ! ! < _
-2 == —} — — = - — =p=- — — 8- Q-
| ; p i '
I“ 1 . P4 i v_
[} ! ! _ | 1} F/ru g
S O o = - — - o -
| | | ! '
. m — ‘. ”
R U N
{ : } \ !
. i _ . | . ! ~ } m
- S S T S Y L e
| . : | |
! | I ' L : - H L_
| i 4 : [
| S e et b o e ! == o= = oo = e = = v e .' od l'q_
H ] ] ]
ﬁ q m ﬁ 1 _. 1. It = - lm
% _ SO _ o Y S R _ - SO S S ¢ B TN | P T S
_ _ | ! , | | _ |
) _ ! | PSR P
_r | : [ | . ! !
_ ’ T t v (3] e
| 3 o . A T Y S ]
‘ B . | B | T
| | Y | el e R !
? - =~ = o = = .i-,*l.l.:.. m_ﬁo.-‘m == - - | .IM- - o i — |||M
v . T M : | B : A
L G ST SOURNS SSUNN VSRS TN SR VAU AT | P S (R T i




TURBOUWETS WITH AFTERBURNERS
NMACH = 0.75 A
ALT.= 35332 FT |

e

1} V

A \ . v
- b o< s i- 4

_
ae,ﬁ,ﬂ-o

-. e L Llf-ittll# B I.t.._v
*

'
42
40

——- 17— y—~—T
1 .
\

S .;,

, v | i ) , ! i , ! _
e e s J - S - =zl . . | . » ol

e — 4 e A ——— e - - —_——

i




b
-
—
-4
-

'
—y—

!
P [RIY S S
| !

—u
|
4
*_
—_ ]
1
4
:

{
AU
Ll s

b . .
. : . t
1 ' |
L= e ot |
b Mo e ._}-; |
_ g e
U Lo “ o
i ! i '
R B i nttan et
Lo g ” _ i . * S .
Lom - A= T
P 3 ! ,V _ ! fl -
H = . | S ] ° -
Fr? _ _ . .
STl S SR A
30 | : . - !
Pty i
i 1= - S e ey
E ' ] t '
o ! L
| \|._ 11111 t - L e ¢
x \ ! S .
D _ ! | .
— = Anflx " . L R
: ‘ R 1 !
| ) i

+—

' o = .,.‘.,]..'.. L

— L

i
'
1

—t —

1.

i

4 e -

35
34

deé

! ¢ ~ o
} <+ < E ¢




—-

R

T N T T T T T :
; ' 3 ! . : P . | ! _ i “ m
_ _ : . R " [ i _ _ !
-~ = - -+ * - . » ce et} c— e — RN o ==lbocmwo oo . ! 4 = ) — —— —
< ' ! ! _ - I e e
| o , T T S I L
! 1 ! !
- oo o g - _ | - ) vf B R N S S _ ko
. . ; i i * _ ‘ ) ~ f . i )
i ! _ _ ! | ! o .. “ | | “
. 3 : : ! ' i :
o oeb= = r = = g + === ai T aad S bomm dl —emiie— e == |z.!7|l|.“-. -
: _ : | b - V. g P! ) _ )
I ! ' | ! ! ] i }
o ! . f i . ' N
i 5 m ' —_— - —_— - ~.| -— —— - .hnn. ”..lv .Il.. — - I =g === N d—
[ ! ! 1 !
¢ n 0 . | | . : ’ I
0O | {
2 x ©°n - : l s \ ! ; ! “ :
LTw R i : oo
! o M M ] . . I [ ' !
o " _ . .
o M [g i - . o o o G .ﬁ 3o 1. - o=
> 7 , ! ;
- A . . \ .
l._ - - = 5 = = = { @ ——
fome ! - . -l 5 o o
1 l}
' |
oo . - - e e 4~ —- - = 1 - oo — — o
] .
. '
. ' _1 . 7
i _ ! T
_ A .
1
_ - - - . -
Hl
- —_—— -
' 1
_ [
H ] g { v
1 H !
| . . )
4 o
| o e 2 < 2 P 2 . @ e < " ©
{ ' 8 .
= - ) e - e - . S . e
_ . ' a-d f
0 t ’ N m
e : . M m

20 M s B 288 sam

PRI

oot

r/h‘D




TURBOPROPS

MACH 0.75
ALT = 35 332 FT

2.3
2.0

L6
A
12

LR

| '
b '
—— e b e .

[,




MACH 1.0
ALT 3K 332 FY

TURRBOPROPS

1.4

1.2

1.0

= = —=oco
|

,

|

_.| < B -
.

Eo

- =

- =

-

'

!

b

'

'

\

|

J

—

1

R0

1.8

i.6

L4

X

=

oo em e e e 0 e 0 e O e e 6 0 e e )



o —d

e d ot

v

(lc/\ ’f))f?

PN CHARGE D
SREC/FROCAT 7Y G

AL Ly & FBS XL 7~

S
N
N
X
¢
¥
N
N
N
K
LY
N
3 .
y
'{ X
) &/
X/
R <
3 v
g &4
Q) \
T /
A /
X ,
Q.
, / /\
/ /
/ /
/ "/
] /
/ / .
/ / f
o/ /
/ /-
/ / ]
7 s/ |
/ [} - : ;
/ o |
L MACK  0.25 : - i ‘ R B R s B
3 s ; H |
o *
' : |
IR
; — ---i -— - -r— — 4
NET FPROFELLING SAECIFIC WEIGHT i ; : [ :
s —— e e + = . JT + e
K] 4 o , : s
P ‘ : ‘ .
By A U S S U SR
, : . . i { ' i
! |
! - - — R
. |
_ 3 I SN S B | i
o~ 3 ||




4

1o
|

: R\
N
NE
7 Y Q
-
Y Y
N w e
¥ 3 3|
S N 3
W :
| N s
it «
NN
) of
<
! ! .
NOI/LSNISHNOD 7237+ D/ IFAS b\\v‘\nluqdm\.\ IV _
— — v - ©
e N A Q O ;
~ T S ™ 8 < O
_ o 5
SN S S . .Mf*\.- 0 o 0o —_— lru - Lo — —— -

|
——

1

o e e mmmes b e e e




3919/
T T

e .144!11. | ‘JJJIAIJ?J =
)

B ]

T~ q 4...J,ﬂ —14 J* T _ — qujt _’111 3 ﬁJ ~

' | | 3 = Ve = = v * i

: o . ' . [ ! |
TM ;zﬂi_-.f..,- _r d . e - ” . ,w 4 |__} I T { e

. _ | N : _ : : ; )

! | o | ;
el ._«!17! M —a -*. - - hﬁ - ‘, = ) (3e8 m. — g.f‘ | : : ‘_ -+ J_

_ f ! | : s i ”
i %.QQ\.‘ o0& Z | | |
| ] | :

T‘ - |
| _ .o
S I N
S o
, )
|
“
| m
y |
_
{
W = wp v 525 207

w

| . Yy # Yy wopw L9973 WY > OF : _ S
” SE U OZ =y M
|

TINF T I
S L AOFIOR YL

Fll\‘uvlv.! —Jb L o . i L




p/ 22079/
| .J.iH;,w,;

R

1
|
. _

— el i -.,ﬁ:-.l.
|

M=y o 22> oy
A Yy wym L9797 2% 20/
S8 %O -y

Af PEESC - FoPL/LTY
OISO 77/




QD nvsald 4
ot o smail

S/ FAN9/o

r dan

PERRIVE S |

I _ T ;
Lol T
mlxi R U SRS S | —- ;_!Ll —-
". “ | | | | | ‘
m | i ; ' : _ _ T
S O S ; Ao b
_ - ﬁ | ﬂ r P
o : g _ | “ C
S R N - R U oy
B : 1 ! ! ﬁ |
| ! ' _‘ , | . !
A S S S B DR B : | |
T IR s e e b e
o T -4 U ‘ - “ ; _ - * ._ “ ! - ,-
! . | o _ SR R
IR R A A R N R A
T A ' Y . 3 * . - |
OS2 ¥ 00y= . CEROZ =V * OOy | _
e ~_. - —_— S yE—iele | cimme e  m S  e ‘4‘- ,1\.,+|14.:|4&ll.v|||+,|{. +— - — ORI U

v

|
|

|

% R T O

|

T
.
' |

| 0 o |
R A S H i i S R e T . — e -
| | | . | | _ “ L _
S " : _ | : | R | A e | l_
h | ! _ “ | * | _ _
AT Ruh N e St It S Wt e = -
1 - : Y ! . . . . o | :
| 7 =iz $6° % - N L7728 " i ! _
S Azt \m\ et N 2 S -_liL S O S U SO
| . | | | _ | | : U
' ' ' | “ : _ ! 1 I e ' :
| _ | | | ¢ ‘ I |
f e t- - . - : - e T B e H e SRS S S —
| | I TR A R
v | o A A S e R I
L 4 ; _ L SR I D L B .
i _ V 1007 F Tl T
| , _ _ | i s 407 = F, A
RO e CRR R : S TR N N D G S lor.,l-.-i%lp-:ﬂr. I
u : i _ ' . . . . |
] e
S | L L o . SRR S N SR SO VO SR RS
I S S S S S B N N

iIll.lull!__llllllllllll

Lt Teae
cf »d) 0101 » 0f
v

2

V4




Q) F&7 797

— -7 ) .4‘ T ! T | T
o .._ b I J :
. _. ' oo - *l..,. _ _ ol
| | |
|

TR N S l.“i--!_!-- o

“

A S, %4-!5_!. —

_
i
_
|

+1 ri_l_: Lo

U L ory sl
T pr g sse

|

| _ ; ' '
LT WA CEETSE S FIILILYY

o . Lzrogyny

— ek e e i = e

- e —— — e ————

9

2/

4




L) FHNo/S

g m 2 i< . * € Zz W %Q.\
_ _ T " 7 T ‘ T T
i ! ! ! | | j
, | o _ . _. | | u _ 3
| ! ! !
e bl
o . i IS NN N AR SN NS S
1 ~ _ ' | \ ! “ f
| . _ | i s [ 2

S2yor=y “osr-w

[ COr=Ty “SLy

}
-_ . - - .- (=

@7 ¥ SL -
§ §6° 4 02" Y T
L5927 W G u\\.m.

7IATT ¥FC
LFTOFITT) SNNING IS

w‘\

£




&/ 415/

>

—_————t - -

“ T
Lol

S

T
!
b
_
i
|

h o
| )
) : |
—— — = -
<= b . o

=T =y

.
— o =
‘

b— | l
.
!

]

_

e r———————— e Ay —

S =
G YoZ2 =y
OCy « %4y

| “ L TPAT 7 2
LAFOXI? )~ ONININDITL Y

_— ke e

8 oo oed




N
)

|
1‘ .
|

—— —— = —

]

s e S e |,___ r——— - —— =

- —— =

|

=0 oo

T SEY o sy T T

s&y o2 -y .

!

S T oy yss <y T

LFOTHD)  ONNINFATLL Y

g =

1F FEESE - BvELLtTYy

&




oz =2

L

179/~ 5

T T T : JW - - = , £ " T Y
_ I . R ! _ _ Pl ! N | ;-
| A e B o R A _ : TR _ R _ “ - L.
R S I I I.,I. L h _ - o b _ : | " !
_ % . I ! | I 1__.,4_‘ I N L_ S S e R
RN TR s S S S AR
I S I U S | BRI i1 . : _
T e e e e
§ SRS S L R : _ PR PR A C :
Il_l..w,i_l.Mllrl_l:i._t P S _ _ | o _ ol "\\_\ Cq
IR B i B R e e Bt e ey -t
- o J TR e \ ; | ' \ I “ ; i ! ' : !
B RN T TR B
i | ' , ) i | | | i : | | ! |
RS EIE S O TTE SIS SO S B e O SRR et R
S T S A _ _ H A I ! | : ! : : N b
L _ s ._.. o ! ! P e M m “ ! ! | :
u w 'vlql . - | e e s e e s l*v — e a_xl R St ERES = fss = wis . —os fe meem b mac el e o
U Y I R T O U S S A _ T
I B | ¢ wb, I o I R R
11111 ooty 2 e e A NS SR CE N T TR | S S S + i - LR
B S - I AT T S T
) N e . S R | N e o8 L.
. S o _ o B R A e
?tiw{tf. I N S N W T S T N O N IV N SO N
. “ L ~— s | Co N | | __ _ | L o
] L | m S . | | | | | ; | T
A R e e i s e R
‘ | 1 ' Yo i S mEe | | i w g 0 mg : o ) _ o .
SN et T e e e T
O T S e A Nt e e o e el e AR st e
b | . .} ; o [~ - D e ma vl S ! N
AT S O A S L N W SO T D R N LA T T
P4 . m _ m SO o .“l.,.- I 2 - Sl A T A A B
L e Ro - - ! - - S | ! ! | ( | | ‘
_ _ | o oo L ety MR £ SR
L T N e e s
] | ! o R : o 7 _iw.,-mquw AN 4 N
“ ”.-ou oo o _ v“ ml c _ | ._ - mc. - 1 | H tat ._ . w . + _. : s . M ) i~ .
R S S R~ 22 7 2 o) _ L o | | . _
[ | T O~ e et~ P T U e e s e e
S P D A T B il G L O _ ” | _ _ . d _ m
M r ST & o | “ _ i YF PEE Ce - %Q\R\wmvv\ “. R
e P T-._-i_-i.l.“ et Rt Sl <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>